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MATERIALS AND METHODS
1. Preparation of the various cell components
B-16, Cloudman S-91 and Harding Passey mouse
melanoma were serially transplanted in C-57,
DBA/2 and Swiss strain mice respectively. The
entire actively growing melanoma was excised
when it reached 1.0—1.5 cm in diameter, and was
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promptly homogenized in 0.25 M sucrose at about
00 C. Ailsubsequent processing took place in a cold
environment at about 3° C. The homogenate (1:6
W/V) was fractionated by differential centrifuga-
tion at 10 C by a modification of the procedure of
Van Lancker and Holtzer (11). The nuclear frac-
tion was separated by centrifuging the homogenate
for 10 minutes at 700 X g. The resulting sediment
was washed three times by resuspension in sucrose
solution. The combined washing and the super-
natant were centrifuged for 10 minutes at 21,000 X
g to yield a "large granule fraction", which was
washed twice by resuspension in sucrose solution.
The "small granule fraction" was prepared by
centrifuging the washes and the supernatant here-
after referred to as the supernatant) from the
large granule fraction in the Hitachi Ultracentri-
fuge for 60 minutes at 105,000 X g. The large
granule fraction was resuspended in 0.25 M su-
crose solution to make the large granule suspen-
sion used as starting material for the density
gradient centrifugation. Usually, the sediment was
resuspended in a 1:1 proportion (V/W) of wet
tissue. The mitochondrial fraction was separated
by low density gradient centrifugation (12), and
the melanosome fraction was separated by high
density gradient centrifugation (12) from the
large granule suspension respectively. Smooth
surface membranes and rough surface membranes
were separated from the small granule fraction by
Rothschild's method (13). Ribosomes were prepared
from the small granule fraction by the method of
Rendi and Hultin (14) except that only deoxy-
cholate was used. The purification procedure,
involving layering followed by precipitation at
105,000 X g for 70 minutes, was repeated twice(15). Various cell components thus isolated were
resuspended in 0.25 M sucrose, immediately lyo-
philized and kept in a refrigerator until the
analysis was performed.
Various cell components were also isolated from
the liver of normal Swiss strain mice by the
procedures described above, The mitochondrial
fraction of the liver corresponded to the large
granule fraction.
. Determination of sulfhydryt group.—For the
determination of sulfhydryl (SH), the amper-
ometric titration technic with the rotation plati-
num electrode was applied (16, 17). A desired
volume of sample was pipetted into the H-shaped
Sargent Polarographic Cell, and a phosphate
buffer was added to a total volume of 25 ml. The
phosphate buffer contained 0.01 M monosodium
phosphate, 0.08 M disodium phosphate and 0.5 M
potassium chloride in a final concentration. While
a gentle stream of nitrogen was passed through
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Rothrnan (1) and Flesch (2) have observed
that the inhibitory effect on melanin formation
by aqueous extracts of isolated human epidermis
was due to heat-stable, dialyzable, non-protein-
sulfhydryl compounds. A direct relationship was
demonstrated between the sulfhydryl concen-
tration and the inhibitory power of extracts of
human epidermis. It was confirmed by Lerner
et at (3) that the thiol-compounds exerted most
of the inhibitory action by combining with the
copper required for enzymatic activity. The
inhibition caused by the thiol compounds could
by reversed by the addition of an excess of cupric
ions.
According to recent concepts (4), tyrosinase,
by which melanin is synthesized, is located on
the subcellular particles (melanosomes) in the
melanocyte. Therefore, if the sulfhydryl groups
play a role in the process of melanin formation,
they must be located inside the melanocyte. Al-
though the epidermal sulfhydryl groups have
been extensively studied (2, 3, 5, 6, 7, 8, 9, 10),
their distribution in mammalian melanocytes
has not been investigated. In this paper, the
intracellular localization of suffhydryl groups in
the melanocyte was determined in three different
mouse melanomas; Cloudman S-91, B-16 and
Harding Passey mouse melanoma.
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the solution, the solution was titrated with 10 M
mercuric chloride, at an applied potential of
—0.2 volt referred to the saturated calomel
electrode. Mercuric chloride of 0.01 ml each was
delivered with the plunger of the Agla Micrometer
Syringe (England) (accuracy of X 10 ml.)
The changes in strength of the current during
titration were measured by means of Yanagimoto
Polarograph PA 102 (Japan) reading up to 0.4
microamper with the scale graduated in 0.002
microamper division. The parallel capacitance
was regulated for 1 F. Results of titration were
plotted on a graph with the current on one axis and
the volume of mercuric chloride solution added on
the other, to find the end point in the ampero-
metric titration. One milliliter of 10—s M mercuric
chloride corresponds to 0.033 milligrams of sulfhy-
dry!.
The total SH and sulfosalicylic acid soluble SH
(non-protein-bound SH) of each cell fraction were
determined. The protein-bound SH was calculated
by subtracting the sulfosalicylic acid soluble SH
from the total Sil. For the determination of
sulfosalicylic acid soluble Sil, sulfosalicylic acid
was added to an aliquot of each cell fraction
dissolved in distilled water, to a final concentra-
tion of 0.2 M. After standing for 20 minutes, the
solution was centrifuged at 5000 X g for 15 min-
utes. The supernatant thus obtained was neutral-
ized with potassium hydroxide, and subjected to
amperometric titration, to determine the sulfo-
salicylic acid soluble SH content. The total SH
content was directly determined on an aliquot of
each cell component dissolved in distilled water.
The sulfhydryl content was expressed as M per
1 g tissue protein. The protein content of various
cell components was determined by Lowry's
method. (18).
8. Estimation of the optical density of the melano-
some .suspension.—The optical densities of the
melanosome suspensions isolated from three
mouse melanomas were measured by means of a
Hitachi Perkin Elmer UV-VIS Spectrophotom-
eter, Model 139, in the range between 400 mL and
700 mgi.
RESULTS
The color intensities of melanosomes isolated
from three mouse melanoinas are shown in Figure
1. Melanosome suspension prepared from B-16
melanoma was significantly darker than that
prepared from Harding Passey melanoma. The
color intensity of the Harding Passey melanoma
was about twice as dark as that of the S-91 mela-
noina. At 550 mi, the optical density of melano-
some suspension isolated from B-16, Harding
Passey and S-91 were 0.79, 0.40 and 0.32 respec-
tively.
The protein-bound Sil concentrations in vari-
ous cell fractions isolated from three melanomas
and normal mouse liver are shown in Table I. As
a general reference, the concentration of SH in
the cell fractions isolated from normal mouse
liver was determined.
The most conspicuous difference among three
melanomas was the SH concentration of super-
natant fraction. The protein-bound 811 concen-
tration of the supernatant isolated from S-91
melanoma was 41 times higher than that of B-16
melanoma, and 8 times higher than that of Hard-
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FIG. 1. Absorption spectra of melanosomes isolated from B-16, Harding Passey, and
Cloudman S-91 mouse melanomas. The melanosomes were isolated by the method described
in the text, washed in distilled water and resuspended in distilled water. The concentra-
tions of these suspension are expressed in mg protein/mi. The readings were taken in a
Hitachi Perkin-Elmer UV-VIS Spectrophotometer, Model 139.
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TABLE I
Theconcentration of protein bound sulfhydryl in various cell fractions isolated from B-ic, Harding Pa8sey,
Cloudman 8-91 mouse melanoma and mouse liver
Mitochondria Melanosome Smoothmembrane
Rough
membrane Ribosome Supernatant
B-16
Harding Passey
Cloudman 8-91
Liver
22.3 1.6
15.0 2.1
18.1 1.9
15.4 2.4
5.8 1.9
7.2 0.7
12.6 0.5
—
12.8 0.3
7.5 1.1
6.8
9.8 3.1
19.1
10.6 2.3
23.8
14.5 1.5
5.0
2.8 0.2
35
16.0 0.6
3.0 0.2
15.7 1.2
123.0
31.8 4.0
SH content is expressed as iM per lg protein.
TABLE II
The concentration of sulfosalicylic acid soluble sulfhydryl in various cell fractions isolated from B-ic,
Harding Passey, Cloudman 8-91 mouse melanoma and normal mouse liver
Mitochondria Melanosome Smoothmembrane Roughmembrane Ribosome Supernatant
B-16
Harding Passey
Cloudman S-91
Liver
3.3 0.8
2.1 0.8
3.5 0.0
4.2 0.3
2.0 0.2
3.3 1.1
2.5 0.3
—
3.6 2.2
3.1 1.1
1.6
2.0 0.2
1.3
0.7 0.2
2.2
1.0 0.2
3.6
0.3 0.2
2.0
3.5 0.1
2.0 0.1
1.4 0.4
3.2
30.5 2.8
SH content is expressed as 1zMper lg protein.
ing Passey melanoma. In the melanosomal frac-
tion, the SIT content of S-91 was also higher than
in the other two melanoman. There were no sig-
nificant variations among tumors and liver in
terms of the mitochondrial SIT content. The
smooth surface membranes of B-16 melanoma
contained more protein-bound SIT than the
other tumors. The ribosomes isolated from S-91
melanoma contained markedly high protein-
bound $11.
The sulfosalicylic acid soluble SIT is noted in
Table II. There appears to be no significant differ-
ence among the three tumors and mouse liver,
with the exception of the supernatant fraction of
the liver which contains high acid soluble SIT.
DISCUSSION
Extracts prepared from isolated human epi-
dermis were found to inhibit melanin formation
(1, 2). By addition of iodoacetamide to the reac-
tion system, the inhibition of melanin formation
was reversed. From these results, Rothman (1)
assumed that in melanocytes both tyrosine and
active tyrosinase were present, but no reaction
took place between them because of the inhibi-
tory action of SIT compounds. Pigmentogenic
stimuli such as sunlight, X-rays, heat and inflam-
matory cutaneous disease of unknown origin
acted by oxidizing or otherwise destroying these
compounds, whereupon the tyrosinase freely
acted on the tyrosine. Flesch (2) further con-
firmed that the inhibitory effect was due to heat-
stable, dialyzable, and non-protein-like-sulfhy-
dryl compounds which were counteracted by
cupric ions and p-chloromercuribenzoic acid.
The inhibitory effect of glutathione was about
13 times higher than that of cystein, and the
epidermal extracts were about 2.5 times more
potent inhibitors than glutathione. Lerner et al
(3) have established, by in vitro experiments that
the tyrosine-tyrosinase reaction was inhibited
by the addition of sulfhydryl compounds.
Recent electronmicroscopic and biochemical
studies have revealed the basic dynamic mecha-
nism of melanogenesis in the melanocyte (4). It
is now believed that tyrosinase is synthesized on
the ribosomes and transferred to melanosomes,
where melanization takes place. As the biosyn-
thesis of melanin does not take place in the
keratinocyte, SR compounds in the keratinocyte
may not be involved in melanin formation. If SIT
groups regulate the biosynthesis of melanin in the
melanocyte, they should affect the tyrosine-
tyrosinase reaction, as it has been clearly shown
that there was a direct relationship between the
SH concentration and the inhibitory effect. It
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will be assumed, therefore, that the amount of
melanin synthesized by the tyrosine-tyrosinase
reaction increases inversely with the amount of
SH compounds. Figure 1 shows that there is a
clear difference among the three mouse mela-
nomas with respect to the color intensities of the
isolated melanosomes. The differences in the
protein-bound SR among these tumors are sig-
nificant in the supernatant fraction, as shown in
Table I. These experimental results seem to be
in good accordance with the assumption de-
scribed above. There seems to be an inverse
relationship between the protein-bound SR
content of the supernatant fraction and the
amount of melanin synthesized.
In this series of experiments, the sulfosalicylic
acid soluble SH in the supernatant fraction may
roughly correspond to the heat-stable, dialyzable
and non-protein-like-sulfhydryl, which Rothman
and Flesch found as an inhibitory factor in
melanin formation (1, 2). On the other hand,
there was no significant difference among the
three tumors with respect to the sulfosalicylic
acid soluble 511 concentrations of the supernatant
fractions. The biochemical significance of pro-
tein-bound SR and sulfosalicylic acid soluble SR
of various cell fractions is now being studied.
Electronmicroscopic studies have revealed
that, although there were some variations among
individual melanin granules in the same tumor,
there appeared to be certain differences among
these melanomas in terms of general shape and
degree of melanization of the melanin granules
(19, 20). Therefore, it is quite reasonable to
assume that SR groups are among the controlling
factors of melanization in the melanocyte, as has
been postulated. As, according to recent biologi-
cal theories, the characteristics of secretory
products are primarily under genetic control, the
characteristics of melanosomes or melanin gran-
ules—such as tyrosinase activity, shape and de-
gree of melanization—may be determined mainly
by genes.
SUMMARY
1. The color intensities of melanosomes iso-
lated from Cloudman S-91, B-16 and Harding
Passey mouse melanoma were compared by deter-
mining the optical densities of the melanosomal
suspensions. The melanosomes of B-16 melanoma
were significantly darker than those of the Hard-
ing Passey tumor, which was about twice as dark
as those of Cloudman S-91.
2. The concentrations of protein-bound SR
and sulfosalicylic acid soluble SR were determined
on various cell fractions: mitochondria, melano-
somes, smooth surface membranes, rough surface
membranes, ribosomes and supernatant.
3. A conspicuous difference among the three
melanomas was the protein-bound SR content of
the supernatant fractions. The SR content of
Cloudman S-91 melanoma was 41 times higher
than that of B-16 melanoma, and eight times
higher than that of Rarding Passey melanoma.
4. With respect to the sulfosalicylic acid solu-
ble SR content, there appeared to be no signifi-
cant difference among the three tumors.
5. It is concluded that sulfhydryl groups may
have an inhibitory effect on the tyrosine-tyro-
sinase reaction in melanosomes. Sulfhydryl is
thought to be one of the controlling factors of
melanin formation.
The authors are indebted to Prof. Dr. T. B.
Fitzpatrick, Harvard Medical School, Boston, for
his kind offer of B-16 and Cloudman S-91 mouse
melanomas used in this work.
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